INTRODUCTION
Commercial broiler live haul involves several potential stressors, including catching, handling, crating, and transportation. The stress connected with these procedures induces strong changes in the internal environment of birds that are manifested by changes in biochemical and hematological indices (e.g., Kannan and Mench, 1996; Bedanova et al., 2006; Vecerek et al., 2006) . Stress responses to these stimuli are initiated with the activation of the hypothalamic-pituitary-adrenal axis and the release of corticosterone by the adrenal gland (Cockrem, 2007) . According to Taubert et al. (2002) , the level of stress in birds during transportation is evaluated on the basis of the total time during which the birds have been kept in crates. The relationship between the level of corticosterone and duration of crating has been studied by many authors; however, authors differ in their description of the process of this relationship. Beuving and Vonder (1978) noted an increase (P < 0.05) in corticosterone levels 30 min after crating but not thereafter when measured over a period of 7 h. Kannan and Mench (1996) found that plasma corticosterone concentration of broilers peaked at 3 h after a 2-min handling plus crating treatment. Chloupek et al. (2008) found the mean corticosterone concentration in broiler chickens after a 4-h crating to be almost 3 times higher than in noncrated control birds. It peaked after an 8-h crating, and then decreased (P > 0.05) during the next 4 h of crating. Kannan et al. (1997) found no effect of different crating durations on plasma corticosterone concentrations and suggested holding broilers for 4 h in a dark, quiet place after transport to reduce Time course changes in selected biochemical indices of broilers in response to pretransport handling E. Voslarova , 1 P. Chloupek , P. Vosmerova , J. Chloupek , I. Bedanova , and V. Vecerek
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ABSTRACT Two experiments were conducted to assess the stress response of broilers to catching and pretransport handling followed by different periods of crating. The short-term changes in selected biochemical indices were monitored at 1-min intervals within 10 min of crating after the catching and handling of broilers (experiment 1). These indices were further monitored at 15-min intervals for 2 h of crating after the catching and handling of broilers (experiment 2). Increased (P < 0.001) corticosterone concentrations were observed immediately after the broilers were caught, handled, and placed in crates. They continued to increase until 7 min after crating and then slowly decreased, but even at 120 min after handling, corticosterone concentrations were higher (P < 0.001) in crated broilers than in control broilers. In addition, lactate concentrations increased (P < 0.001) immediately in comparison with those of broilers with no additional handling except for catching and blood sampling, but 15 min later, the lactate concentrations had decreased to the precrating level.
Lactate dehydrogenase concentrations increased (P = 0.042) 30 min after crating and continued to increase for the rest of the monitored period. A decreased level of cholesterol (P = 0.017) and increased concentration of uric acid (P = 0.041) were found 1 min after crating. The decrease in cholesterol was visible up to 9 min after crating; it then returned to its original value except for the period from 75 to 90 min after crating, when a decrease (P < 0.05) was again detected. Higher (P < 0.01) concentrations of uric acid were found continuously from 4 to 75 min after crating. Glucose concentrations were increased (P = 0.017) 2 min after crating, but the stress-induced increase was not consistent over the course of the next few minutes after crating. Glucose concentrations were not different from those of control broilers from 10 to 120 min after crating, although they showed a decreasing pattern. A decrease (P = 0.031) in triglyceride concentrations was detected 75 min after crating.
the stress response and meat quality changes. Similarly, Vosmerova et al. (2010) assumed that broilers might be more stressed by a short transport than a long one because longer transportation periods provide sufficient time for broilers to recover partially from the stress associated with handling before loading and transport. In their study, corticosterone levels decreased with travel distance; the highest concentration was found in broilers sampled before transport (i.e., immediately after catching and handling). An increase in the corticosterone concentration before slaughter is not desirable because it is associated with a higher hue value, indicating that the meat becomes lighter and less red in color. Thus, high stress levels in broilers may cause the production of paler thigh meat (Kannan et al., 1997) . Plasma corticosterone measurement is considered to be the most appropriate method of assessing short-term stress in poultry (Mormède et al., 2007) , but the bird response to stress is more complex. The physiological stress responses that occur most frequently in broilers after exogenous administration of adrenocorticotropic hormone (ACTH) treatment include elevation of plasma corticosterone (Edens and Siegel, 1975; Beuving and Vonder, 1986; Beuving et al., 1989) , elevation of plasma glucose (Siegel and Beane, 1961; Siegel, 1962a,b) , and elevation of plasma cholesterol (Siegel and Siegel, 1966; Siegel, 1968) . Puvadolpirod and Thaxton (2000a) proposed a model to study stress responses in chickens that involved continuous administration of ACTH by subcutaneously implanted mini-osmotic pumps. They described stress based on increased circulating levels of corticosterone, glucose, triglycerides, and cholesterol, and an increased heterophil:lymphocyte ratio. Puvadolpirod and Thaxton (2000b) described the temporal patterns of stress responses after continuous infusion of ACTH. Their results indicated that plasma corticosterone increased by 2 h and plasma glucose increased by 12 h. According to Madison et al. (2008) , injection of a corticotrophin-releasing hormone induced a significant increase in corticosterone levels beginning at 15 min postinjection and continuing through 2 h in chickens. Chloupek et al. (2008) demonstrated a strong stress response attributable to crating for 4, 8, and 12 h in decreasing levels of triglycerides, lactate, and glucose in crated broilers when compared with noncrated controls in their experiment.
The aim of the present study was to investigate the time course of changes in selected biochemical indices in response to the catching and handling of broiler chickens at the end of the growing period.
MATERIALS AND METHODS

Birds and Their Treatment
The time course of changes in selected biochemical indices in response to pretransport handling was studied in a group of 42-d-old Ross 308 broiler chickens. Two experiments were conducted to assess the stress response of broilers to catching and pretransport handling followed by different periods of crating. For both experiments, the broilers were obtained from a commercial broiler housing, where they were reared from the first day after hatching on deep litter (wood shavings) with controlled light and hygiene and with feeding patterns corresponding to standard breeding requirements for meat hybrid poultry; feed and water were provided ad libitum. On d 35, the broilers were transferred to the experimental broiler housing at the University of Veterinary and Pharmaceutical Sciences Brno and kept under the same light and heat, hygiene, and feeding regimen. Broilers were randomly assigned to 5 separated pens for each experiment (36 birds in each pen for experiment 1, and 27 birds in each pen for experiment 2). The sex ratio of the broilers in the experiment was 50% to 50%. The effect of sex was not, however, monitored during the experiment because our preliminary tests had shown this not to be statistically significant. The ambient temperature during broiler growth was progressively decreased from 30 ± 1°C on d 1 to 20 ± 1°C on the last day. When the broilers were 42 d old, they were assigned to tests involving catching, handling, crating, and blood sampling at different intervals after catching and crating.
Experiment 1
Short-term changes were observed in selected biochemical indices, especially in the context of stress caused by handling the 42-d-old Ross 308 broiler chickens (average BW 2.30 kg). Three randomly selected birds from each pen (15 birds total) served as a control group. They were caught individually, with both hands, gently held in an upright position, and carried into a separate room. All 3 birds from each pen were sampled at the same time (by 3 experimenters). The time between capture and transfer to the place where blood sampling took place (sampling table) did not exceed 10 s. Broilers placed on the table were gently restrained by hand on their right side, and blood samples were drawn from the vena basilica. Catching of birds and sampling time did not exceed 1 min. Other birds (33 birds from each pen, i.e., 165 birds total) were subjected to a simulation of the handling that takes place in commercial conditions when storing birds while transporting them to slaughter, that is, catching and placing the birds into transport containers. The broilers were caught by their legs, inverted, and carried by a catcher (always 3 birds at once) into the transport crates. Each group of 3 birds was crated together in heavy-duty plastic crates measuring 0.5 × 0.7 × 0.25 m (width × length × height) and was sampled at the same time. All birds from 1 pen were crated at the same time. The birds in different crates were sampled after different periods of crating (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 min) . After a given crating period, birds were removed from the crate and sampled (all 3 birds at the same time). The time 0 group was removed from the crate immediately after placing the birds into it and sampling them. The other 10 groups of 3 birds were sampled at 1-min intervals after crating (time 1 − 10 min). Each bird was sampled only once. The crates were kept in a quiet barn. Blood sampling was conducted in a separate test room next door. The same procedure was conducted on broilers from each pen.
Experiment 2
Changes in the selected biochemical indices were followed over the course of 2 h after catching and placing 42-d-old Ross 308 broiler chickens (average BW 2.30 kg) into the transport containers. Three randomly selected birds from each pen (15 birds total) served as a control group. They were caught individually, with both hands, gently held in an upright position, and carried into a separate room. All 3 birds from each pen were sampled at the same time (by 3 experimenters). The time between capture and transfer to the place where blood sampling took place (sampling table) did not exceed 10 s. Broilers placed on the table were gently restrained by hand on their right side, and blood samples were drawn from the vena basilica. Catching of birds and sampling time did not exceed 1 min. Other birds (24 birds from each pen, i.e., 120 birds total) were subjected to a simulation of the handling that takes place under commercial conditions when storing birds while transporting them to slaughter, that is, catching and placing the birds into transport containers. The broilers were caught by their legs, inverted, and carried by a catcher (always 3 birds at once) into the transport crates. Each group of 3 birds was crated together in heavy-duty plastic crates measuring 0.5 × 0.7 × 0.25 m (width × length × height) and was sampled at the same time. The birds in different crates were sampled after different periods of crating (15, 30, 45, 60, 75, 90, 105, 120 min) . After a given crating period, the birds were removed from the crate and sampled (all 3 birds at the same time). The same procedure was conducted on broilers from each pen. All birds from 1 pen were crated at the same time. There were 3-min intervals between crating broilers from different pens, and subsequently, there were 3-min intervals between sampling each group of 3 broilers from different pens; that is, the last group of broilers from the fifth pen was sampled 120 min after these birds were crated and 132 min after the broilers from the first pen were crated. Each bird was sampled only once. The crates were kept in a quiet barn. Blood sampling was conducted in a separate test room next door.
Biochemical Examinations
Blood samples (3 mL) for biochemical examination were taken from the vena basilica and were collected using syringe-needle assemblies that had been flushed with heparin (the heparin concentration in blood samples was 15 μL for 3 mL of blood). The samples were collected within 1 min of capture to ensure that the levels of the monitored parameters were not affected by stress induced by presampling handling . The heparinized blood was centrifuged at 837 × g at 4°C for 10 min, and plasma samples were stored at −80°C in Eppendorf test tubes until the analyses were performed. Selected plasma biochemical indices-glucose, lactate, triglycerides, uric acid, cholesterol, total protein, and lactate dehydrogenase (LDH)-were measured by a Konelab 20i biochemical analyzer (Thermo Scientific, Waltham, MA) using commercial test kits (BioVendor-Laboratorní medicína a.s., Brno, Czech Republic). The plasma corticosterone concentration was measured using a commercial Corticosterone Enzyme Immunoassay Kit (Cayman Chemical, Ann Arbor, MI). Both methods work on the principle of photometric determination. The commercial kit information about linearity of methods and analytical sensitivity for analyzed biochemical indices is given in Table 1 .
Statistics
The results were analyzed using the statistical package Unistat 5.6 (Unistat Ltd., London, UK). For all variables tested, normality was checked by means of a Shapiro-Wilk test (Zar, 1999) , and homogeneity of variances among groups was tested by means of a BartlettBox test (Zar, 1999) . Where necessary, logarithmic or square root transformations were used for ANOVA, although actual mean values are presented. On the basis of our preliminary tests, we did not expect sex to significantly affect levels of measured indices, but we nevertheless created a model to assess this. Analysis of variance was conducted as a candidate model, with time after crating and sex as fixed factors and replicates as a random effect. In the absence of the sex effect, data for both sexes were pooled and a final ANOVA was conducted with only time after crating as a fixed effect and replicates as a random effect in a completely randomized design according to the model x ijk = µ + T i + r j + (Tr) ij + ε ijk , where x ijk is the analyzed measurement, µ is the overall mean, T i is the effect of time after crating, r j is the effect of replication, (Tr) ij is the effect of the interaction T × r, and ε ijk is the overall error (residual). The GLM procedure was used, and significant differences from the control mean were evaluated using the Dunnett test (Zar, 1999) . Figure 1a to 1h shows the changes in corticosterone, glucose, triglycerides, cholesterol, total protein, uric acid, lactate, and LDH in broilers in response to pretransport handling within 10 min after catching and handling.
RESULTS
Corticosterone concentrations in broilers exposed to pretransport handling were found to increase immediately after handling. A difference (P < 0.001) was found between the corticosterone levels in broilers sampled immediately after pretransport handling and crating, and control broilers with no additional handling except catching and blood sampling. The corticosterone levels kept increasing until 7 min after crating and then decreased slightly. However, these levels were higher (P < 0.001) in comparison with those of control broilers even then. A higher (P = 0.017) level of plasma glucose was found 2 min after crating. After that, the glucose level fluctuated, and even though it was higher than the glucose level in the control group for the entire monitored period, several of the measurements showed no differences (P > 0.05). The cholesterol concentration decreased (P = 0.017) 1 min after crating, with the lowest concentration found 6 min after crating. The concentration of uric acid showed an increasing pattern; the highest concentration was observed 9 min after crating. The lactate concentrations increased (P < 0.001) immediately after crating, and these levels did not significantly decrease over 10 min. No changes (P > 0.05) were observed in concentrations of triglycerides, LDH, and total protein within 10 min after crating. Figure 2a to 2h shows the development of changes in corticosterone, glucose, triglycerides, cholesterol, total protein, uric acid, lactate, and LDH in broilers in response to pretransport handling within 120 min after catching and handling.
Corticosterone concentrations in broilers exposed to pretransport handling were higher (P < 0.001) compared with those of control broilers for the entire monitored period. The highest value (7.0 ng/mL) was found 15 min after crating, whereas the lowest value (2.69 ng/mL) was found 60 min after crating. Triglycerides decreased (P = 0.031) 75 min after crating. Lower concentrations were also found in cholesterol 75 min (P = 0.029) and 90 min (P = 0.012) after crating. Concentrations of plasma uric acid were higher (P < 0.05) from 15 to 75 min after crating. Lactate concentrations were higher (P < 0.001) 15 min after crating and then returned to precrating levels, whereas LDH concentrations increased (P = 0.043) 30 min after crating and continued to increase for the rest of the monitored period (P < 0.001). No changes (P > 0.05) in concentrations of glucose and total protein in the crated broilers were observed compared with those of control broilers from 15 to 120 min after crating.
DISCUSSION
In intensive broiler production systems where environmental conditions and provision of food and water are automated, opportunities for the birds to interact with humans are limited. It is well documented that procedures with high human involvement, such as capture and restraint, evoke stress and fear reactions (e.g., Knowles and Broom, 1990; Kettlewell and Mitchell, 1994; Bedanova et al., 2006; Terlouw et al., 2008; Voslarova et al., 2008) . Moreover, broiler chickens selectively bred to achieve slaughter weight in the shortest time are known to be more susceptible to stress than are slower growing domestic fowl (Sandercock et al., 2006) . The stress in birds is most often documented by increased levels of corticosterone. Corticosterone secretion from the cortex of the adrenal gland in birds is stimulated by ACTH from the pituitary gland, which, in turn, is stimulated by corticotropin-releasing factor and arginine vasotocin from the hypothalamus (Carsia and Harvey, 2000) . The hypothalamic-pituitary-adrenal axis is activated in response to stressors, with an increase in plasma corticosterone concentrations detectable at 1 to 2 min after initial exposure to a stressor (Dawson and Howe, 1983; Romero and Reed, 2005) . In our experiment, increased corticosterone concentrations were observed immediately after broilers were caught, handled, and placed in crates, that is, about 2 min after capture as an initial stressor. According to Cockrem (2007) , corticosterone concentrations in birds usually increase rapidly for 10 to 15 min after capture and then increase more slowly for the remainder of the sampling period (blood samples collected in several intervals for 60 min after capture). In our experiment, corticosterone concentrations in broiler chickens continued to increase until 7 min after crating (from 0.44 to 8.15 ng/mL), and then they slowly decreased. However, even 120 min after handling and crating, corticosterone concentrations (4.14 ng/mL) were higher (P < 0.001) than those in the control broilers. Furthermore, the lowest corticosterone level (2.69 ng/mL) was found at 60 min after crating, after which it seemed to begin increasing again (in comparison with the corticosterone levels in control broilers). Control broilers were sampled earlier, but even when the circadian rhythm in plasma corticosterone concentrations in broiler chickens was considered (e.g., Smoak and Birrenkott, 1986; de Jong et al., 2001 ), the observed changes were pronounced. Thus, even though over the course of 1 h broilers may partially recover from the stress associated with pretransport handling, subsequent corticosterone increases may be explained as a stress response to the prolonged period of restraint attributable to crating. Authors who have monitored corticosterone levels in crated broilers for longer periods have found the highest values at different times d) cholesterol, e) total protein (TP), f) uric acid, g) lactate, and h) lactate dehydrogenase (LDH) in broilers in response to pretransport handling. Vertical bars represent the SEM for each mean (n = 15). Co = control (precrating); time 0 = point of crating. *P < 0.05, **P < 0.01 for significant differences from Co (Dunnett's test).
after crating: 30 min (Beuving and Vonder, 1978) , 3 h (Kannan and Mench, 1996) , or 8 h . None of the studies recorded corticosterone levels throughout the time period at intervals that would allow for an exact evaluation of the changes, including the increases and decreases in the individual levels that evidently take place over the course of the crating, as indicated by the results presented here. Determining the course of these changes would be key to planning the preparation of broilers for slaughter, that is, the d) cholesterol, e) total protein (TP), f) uric acid, g) lactate, and h) lactate dehydrogenase (LDH) in broilers in response to pretransport handling. Vertical bars represent the SEM for each mean (n = 15). Co = control (precrating). *P < 0.05, **P < 0.01 for significant differences from Co (Dunnett's test).
period of transport or rest after transport. The degree of stress, or the level of corticosterone, has a direct effect on the meat quality of slaughtered broilers (Kannan et al., 1997) . Vosmerova et al. (2010) assumed that broilers might be more stressed by a short transport, during which there is no time for the handling-induced stress to fade; however, excessively long transportation has also been proved to be extremely stressful for birds (e.g., Vecerek et al., 2006; Chloupek et al., 2008) .
Whereas the corticosterone response to stress is often documented, fewer authors have focused on changes in other biochemical indices in relation to stress induced by pretransport handling. However, the general physiological stress response of broilers was described using exogenous administration of ACTH (e.g., Siegel and Beane, 1961; Siegel, 1962a Siegel, ,b, 1968 Siegel and Siegel, 1966; Edens and Siegel, 1975; Beuving and Vonder, 1986; Beuving et al., 1989; Puvadolpirod and Thaxton, 2000a,b; Madison et al., 2008) . In our experiment, immediately after broilers were caught, handled, and placed in crates, lactate concentrations also increased (P < 0.001) in comparison with those of broilers with no additional handling except catching and blood sampling. The lactate concentration decreased to its precrating level 15 min later. Similarly, Vosmerova et al. (2010) found the highest lactate concentrations after handling birds before transport, and suggested that these elevated levels resulted from the struggling activity of broilers during handling. The high lactate level shows the inability of the circulatory system to supply the working muscles with sufficient oxygen, leading to anaerobic oxidation (Abdelatif and Modawi, 1994) . In our experiment, the changes in lactate levels over time were directly related to changing levels of lactate dehydrogenase. Concentrations of LDH increased (P = 0.043) 30 min after crating and continued to increase for the entire monitored period. In an anaerobic situation, LDH contributes to energy synthesis by anaerobic glycolysis (Nain et al., 2008) .
Decreased (P = 0.017) levels of cholesterol were found 1 min after crating. A model of bird stress response proposed by Siegel and Siegel (1966) and Siegel (1968) indicates stress is the cause of the increase in plasma cholesterol, whereas in our experiment, we observed a decrease. The decrease in cholesterol was visible up to 9 min after crating, and then it returned to its original value except for the period from 75 to 90 min after crating, when a significant decrease was again detected. However, the cholesterol concentrations in absolute values did not differ much within the period of our observation. Concentrations ranged from only 2.4 to 3.0 mmol/L, with the highest value being found in the control broilers. Decreased levels of cholesterol in turkeys after transport were reported by Huff et al. (2008) , although evidence of its increase resulting from transport-induced stress in birds is more common (e.g., Freeman et al., 1984; Chloupek et al., 2008; Ondrasovicova et al., 2008) . A slight decrease in cholesterol concentrations was also observed by Voslarova et al. (2008) in broilers exposed to prolonged presampling handling, and by Bedanova et al. (2010) in broilers exposed to short-term noise.
In our experiment, increased (P = 0.041) concentrations of uric acid were first detected 1 min after crating, and higher concentrations continued to be found from 4 to 75 min after crating. Uric acid in birds is excreted and reabsorbed back into the blood in the kidneys; it is one of the major antioxidants protecting birds against oxidative stress (Simoyi et al., 2002 ). An increase in uric acid in blood plasma was also reported in connection with catching, crating, and transport of poultry (e.g., Halliday et al., 1977; Yalcin et al., 2004; Delezie et al., 2007; Huff et al., 2008; Vosmerova et al., 2010) . The authors described similar patterns in the progression of uric acid concentrations, with the lowest concentrations found after crating compared with those of broilers transported from 1 to 2 h after they were caught.
At 2 min after crating, glucose concentrations increased (P = 0.017), but the stress-induced increase was not consistent during the subsequent minutes after crating in terms of statistical significance. Nevertheless, plasma glucose concentrations increased during the 10 min after crating (with significantly higher concentrations being detected in broilers 2, 3, 5, 7, and 9 min after crating), whereas during later samplings, concentrations seemed to decrease slowly. However, levels were not different (P > 0.05) from those of control broilers from 10 to 120 min after crating. The slight short-term increase in blood glucose concentrations may be explained by stress caused by handling and restraint of the birds, which causes the release of catecholamines, which effect glycogenolysis (Siegel and Beane, 1961; Siegel, 1962a,b) . Glucose is then released into the blood. During longer periods of stress, the body's stores of glucose are exhausted, and the body is unable to produce them fast enough; thus, the concentration of glucose in the blood declines. Decreased glucose concentrations after longer crating or transport of poultry, or both, have been documented (e.g., Freeman et al., 1984; Nijdam et al., 2005; Chloupek et al., 2008; Vosmerova et al., 2010) .
The decrease (P = 0.031) in triglyceride concentrations was detected 75 min after crating. Triglycerides are lipids in fat deposits; their concentration in the blood plasma should not be affected by short-term stress, which was also shown in our experiment. Triglycerides decline only after a longer period of time. Chloupek et al. (2008) found decreased concentrations of triglycerides in broilers crated for 4 h. Nijdam et al. (2005) explained the lower triglyceride, glucose, and lactate concentrations in terms of feed withdrawal, which caused a negative energy balance and stress in transported broilers. Extended feed deprivation in broilers may result in the breakdown of glycogen and the accumulation of lactic acid in the thigh muscles, and therefore a lower initial pH (Kannan et al., 1997 ).
The findings obtained may contribute to expanding detailed knowledge of the time course changes in biochemical indices during the period before slaughter, which are important not only for determining levels of stress in broilers, but also the effect of stress on the quality of meat when considering correlations between stress index levels and meat quality characteristics in broilers. As follows from our results, broilers need about 1 h to recover partially from pretransport handling.
